Molecular Therapies for 
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Vascular disease is the most common cause of death tn the industrialized world. Although 
significant progress has been made in treating these disorders, more therapeutic agents 
must be developed that effectrvety prevent, arrest, or reverse this disease. Recent insights 
into the pathogenesis of vascular disease have opened up a new frontier of molecular 
therapies that target molecules as diverse as adhesion molecules and transcription 
factors. The biological rationale tor these new therapies and their prospects for success 
are discussed. 




Insights into the pathogenesis of vascular 
■ disease must be based on an understanding 
of the regulatory processes that maintain 
the structure and homeostattc Functions of 
the healthy vessel. The vessel wall is nor- 
maliv composed of an endothelial cell lin- 
ing that is tightly juxtaposed to a medial 
laver of vascular smooth muscle cells and 
enwrapped bv an adventitial laver of con- 
nective tissue- The endothelial cell lining is 
tdealiv siruared ar rhe interface between the 
Mood and the vessel wall to serve as a 
sensor and transducer of signals within the 
microenvironment. Endothelial cells or- 
chestrate the homeostatic balance of the 
vessel throueh the production of factors 
retiulatinu vea;*el tone, coagulation state, 
cell growth, cell Jearh. and leukoevte traf- 
nckinu Vascular smooth muscle cells main- 
tain the contractile tone of the blood ve»sci 
in response to vasoactive substances and 
relea>e cvtokines and other growth regula- 
tory t actors. Together with fibroblasts these 
cells also elaborate extracellular matrix pro- 
tein* a* well a- proteases that determine 
w^el structure. Occlusive vascular J t sense 
^ characterized bv the abnormal accumula- 
tion i>t vascular smooth muscle celU. in- 
fi.immator\ cells. anJ extracellular marrix 
protein* within the intimal space between 
the enJorhcli.il lining and the medial laver 
mount ima formation) { / ). The therapeutic 
challenge i> to preserve normal vessel struc- 
ture bv developinc agents that prevent, ar- 
rest, or reverse thi> priKess ot neointima 
formation 

Atherixleri>M> the most common 
i«»rm of kcIumvc vascular disease and will 
'v rhe ti»cu> or thi- review. The pa t hope n- 
v»i* ot .ithcr t »x:lero»i> involves a series ot 
» ritual event* that include endothelial dv> 
iiiiKtittn. infiltration ot inflammatory celU 
mt.» the M-^el wall, alterations in vascular 
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cell phehorype, and vascular remodeling 
( / ). Current therapies are directed either at 
reducing the risk factors that promote ath- 
erosclerosis (for example, cholesterol) or 
enhanc mg blood flow by intervent ions 
such as balloon angioplasty or surgical re- 
vascularization. As the molecular bases of 
these pathogenic events become elucidat- 
ed, they may provide opportunities for the 
development of new molecular therapies 
that can rnodifv the course of vascular 
disease (Fig. 1 ). 

Endothelial Cell Dysfunction 

The development of endothelial cell dys- 
function is characterised by an impairment 
in vasorelaxation and increased adhesive- 
ness of the endothelial cell lininc This 
alteration in endothelial function is one of 
the harbineers of vascular disease and is 
manifest in a wide spectrum of vascular 



disorders including hypertension, tramp 
coronary vascular disease and atherosc 
sis. The dysfunctional endothelium pr 
poses vascular tissue to vasoconsmc 
pbteier-thrombus formation, and tnflan 
tory cell infiltration into a plaque. The 
ical sequelae of atherosclerotic vascula 
ease such as a myocardial infarction ar. 
to involve a cascade of events initiate 
inflammatory cell adhesion to the end 
lium, leukocyte infiltration into the pL 
protease-mediated weakening of the p. 
structure, plaque rupture, thrombosis, 
eventually tissue ischemia. Thus, ciu 
in the endothelial cell's function as a 
keeper governing leukocyte traffic 
can influence the natural history of v 
lar disease. 

Several lines of evidence indicate 
endothelial cell dysfunction is assoc 
with alterations in the cell redox 
Many of the risk factors associated 
atherosclerotic vascular disease, sue 
hyperlipidemia. diabetes, and hype 
sion, promote an oxidative stress. In 
hyperlipidemia increases the generat 
superoxide anions and thereby pro 
the oxidation of low density lipop 
(LDL) cholesterol within the vessel 
Similarly, the potentiated atherog 
observed in diabetics may be related 
induction of oxidative stress by adv 
glycation end products. Vasoactive f 
that promote hypertension, such as ; 
tensm 11. also induce the generat i 
reactive oxygen species. These ob 
tions raise the possibility that diffe 
tn the vascular response to oxidative 
mav contribute to the genetic susce 
try to atherosclerosis (2). 
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The alteration in endothelial ceil redox 
state is accompanied by increased adhesive 
interactions berween the endothelium and 
inflammatory cells. Mechanistically, this 
chance ma\ ixicur because reactive oxygen 
species can function as signaling molecules 
that mediate increased activity of the tran- 
scription factor nuclear factor kappa B 
(NF-kB). increased activity of NF-kB in- 
duces a coordinated up-regulation in the ex- 
pression of adhesion molecules such as vas- 
cular cell adhesion molecule-1 (VCAM-1) 
and chemokmes such as monocyte chemoar- 
tractanr protein- 1 (MCP-1) (3). 

The impairment of vasorelaxation re- 
flects the enhanced catabohsm of nunc 
oxide (NO) caused bv the increased gen- 
eration of reactive oxygen species. In ad- 
dition to it? role as an endothehum-de- 
nved vasodilator. NO appears to be an 
endogenous inhibitor of vascular smooth 
muscle cell growth and migration. NF-kB 
activity, and the expression of pro-inflam- 
matorv molecules such a* VCAM-1 and 
MCP-1. Hence, the two characteristic fea- 
tures or endothelial dvsfunction — im- 
paired vasorelaxation and increased adhe- 
sivene? — appear to result in part from a 
decrease in NO hioactivitv. This relative 
deficiencv in NO activity predisposes vascu- 
lar tissue ro atherosclerotic lesion formation 
(4). Thu;>. the alteration in endothelial cell 
redox ^r.ite provide> j molecular link be- 
tween hvperhpidemia. endothelial dysfunc- 
tion. .inJ .irhero>clerotic lesion formation 
On the Kim- ot tnen 1 ob>erv;ttion>, rhcra- 
pe-utu" *tr.itcL'ie* rh.it mitJulate the endothe- 
lial cell redox M.ite are postulated to help 
reverse endothelial dvMunction and therebv 
prevent the progrcaMon ot vascular disease? 
•*iK*h ,h arhert'^ierovM> 

Dysregutated Cell-Cell and 
Cell-Matrix Interactions 

L nder norm.ii ir*:iim*tance» the endothe- 
lium a non.idhe«i ve >urtacr thnr activeh 
inhthif- vvll-cel! interaction* with Mood 
eienu-ni- mki : .i- platelet* r leukocyte* 
The norinai structure ot the ics>el i> main- 
i.nned K inteirrm-mediate : interaction* 
between \a-cuiar celb ar;*; :ne surround- 
in l' extracellular matrix "V? pathi>genesis 
o: \ .t^ui.ir Ji»ea>c i> ch» -a.. ,en:ed by per- 
turbation* in cell-cell anj j.ell-matrtx in- 
teraction* that predispo>e vascular tissue 
to thramh'*h. inflammation, and athero- 
*cierotic legion (armatum. 

Tiu- iviiiir.il hi*tor\ or atherosclerotic 
\ a^ui ar di*ea»e i* punctuated bv acute mor- 
hid event* involving ti»uc ischemia. Acute 
ischemic *>vnjrome» »uch a* mviK.irdinl in- 
farct ion or un>t.irk' angina are incited h\ j 
fracture or rupture ot ihe atherosclerotic 
piaam. A thromhu* larm? ar the >ne ot 
plague ruriute .i result ot increased ad- 



hesion of platelets to the vessel wall, acti- 
vation of thrombin, and fibrin deposition. 
New selective inhibitors of various compo- 
nents of the coagulation cascade, including 
thrombin antagonists, have been created 
and are currently being tested in clinical 
trials. In addition, a new class of anti- 
thrombotic agents such as llb/llla inhibitors 
has been developed based on an under- 
standing of the role of specific tntegnns as 
molecular determinants of platelet adhesion 
and aggregation (5). This strategy of inhib- 
iting cell-cell interactions provides a prom- 
ising therapeutic approach to the preven- 
tion of vascular complications such as myo- 
cardial infarction. 

In addition to therapeutic strategies 
that focus on altering endothelial cell re- 
dox state or enhancing NO activity, an 
alternative strategy may involve direct an- 
tagonists of leukocyte-endothelial interac- 
tions. The regulation of this inflammatory* 
response by the endothelium involves a 
complex interplay between adhesion mol- 
ecules expressed on the cell surface that 
govern cell-cell interactions as well as pro- 
duction of chemoattractants. and cyto- 
kines produced by both leukoevtes and 
endothelial cells (6). The influx of infiam- 
maiorv cells into the vessel wall is a mul- 
tistep pri>cess involving sequential tnrer- 
actions between adhesion molecules from 
the selectin family (for example. P-selec- 
tin). chemokines (for example. MCP-1), 
adhesion molecules from the tntepnn fam- 
ilv itor example. VCAM-1) as well as 
chemoartractants (for example, platelet 
acnvatinc tactor (PAF)). and cytokines 
Uor example, interleukm- 1 ). 

In principle, therapies targeted at dif- 
ferent points in the leukoevte trafficking 
proce» ma\ reduce the inflammatory re- 
sponse involved in vascular lesion progres- 
sion or the initiation of acute ischemic 
event> tor both). One strategy would be to 
block the ke\ cytokine* that potentiate 
the inflammatory response, such as tumor 
nccroMv tactor (TSJF) or certain interleu- 
km> Such a blockade has been achieved 
in animal models* rhroueh use of soluble 
receptors. Alternatively, studies in animal 
mode U and in vitro model systems suggest 
that selective ligand-receptor antagonists 
directed against leukcevte adhesion mole- 
cules such as P-seleenn and intercellular 
adhesion molecule-1 (ICAM-1 ). or para- 
crine factors such a . PAF. may also be 
effective in reducing the inflammatory re- 
sponse common to m*»n\- forms ot vascular 
Jt>case (7). 

A crowing hodv evidence indicates 
that the intlammar * . response involves 
the activation ot an endothelial cell genetic 
program that promote* the coordinate up- 
reguianon ot adhesior. molecules and cyto- 
kine? In particular, the transcription fac- 



tors NF-icB and Egr-1 appear to play cenn 
roles in this inflammato"' response (5. 5 
Selective inhibitors targeted against rra 
script ion factors that orchestrate the pr 
activation events necessary for leukoc\ 
adhesion and trafficking may prove vai 
able as vascular therapeutics. 

Integnns are important targets for the: 
peutic interventions because vascular c: 
behavior is determined by both cell -cell a; 
eel I- matrix interactions. Each of the cellu; 
processes involved in neointima forma tic 
appears to be modulated by signals denv 
from integnn-substrare interactions. The i 
tegnn a v @3, for example, is required bo 
for prevention of endothelial cell apopca 
and for the cell-matrix interactions necc 
sary for vascular smooth muscle cell migr 
tion. Although therapeutic strategies c 
signed to inhibit cell migration by prever 
ing matrix degradation have equivocal efYe 
tiveness (9), blockade of a v 03-mediat 
interactions has been shown to artentu? 
lesion formation after vascular injury in a 
imal models (10). Moreover, it is speculat 
that the reduction in morbid events (t 
example, recurrent ischemia) in patients u 
dergomg angioplasty after the adminisc 
tion of the 7E3 antibody (an antagonist 
the Ilb/IIla in tegnn) (11) may actually 
related tc the capacity of this antibody 
block a v @3 as well as llb/llla. Overall the 
studies suggest that cell adhesion molecu 
represent a new class worthy of a drug c 
velopment program for vascular diseases. 

Dysregulated Cell Growth 
and Cell Death 

A fundamental pathological feature of v 
cular disease is marked by the abnorr 
accumulation of cells within the intir 
space, resulting in neointima! lesion fom 
tion produced by alterations in the home 
static balance between cell growth and c 
death. Studies in experimental animal mt 
els have identified several growth factors | 
example, platelet -derived growth fac 
(PDGF), transforming growth factor* 
(TGF&l), basic fibroblast growth fac 
(bFCF), and angiotensin II (Ang II)] tl 
may play important pathogenic roles ( 
However, most animal models studied 
date may not accurately simulate the cc 
plex process of lesion formation in hun 
vascular disease. Clinical trials based on t 
geted blockade of a single growth fac 
have failed to recapitulate the efficacy d 
umented in animal models (12). Given 
multiplicity ot the growth factors invoh 
in neointima formation and the complex 
of the disease process in the clinical conu 
it is unlikely that drugs targeted at sir 
growth factors or their receptors will pv 
to be effective vehicles of vascular then- 
A more successful approach mav be to tat 
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components of the unicellular signaling 
cascades that are shared by many growth 
regulatory molecules. 

PDGF, TGF-0I. and Ang 11 are impor- 
tant mediators of vascular lesion forma- 
tion, yet represent different classes of re- 
ceptor molecules. Despite their differenc- 
es, thev show substantial overlap in signal- 
transduction mechanisms. For example, 
A, ng II, which interacts with a specific 
heterotnmenc GTPase -binding protein 
(G protein >-coupled receptor, can also ac- 
tivate various components of the tyrosine 
kinase signaling cascade. This cross talk 
mav be related to ligand-independent 
rransactivation of tyrosine kinase recep- 
tors in response to stimulation of G pro- 
tein-coupled receptors (13). Although se- 
lective inhibitors of these common signal- 
ing pathwavs mav serve as effective block- 
ers of vascular lesion formation, one 
caveat to this approach is the potential tor 

toxicity P» ven thc broad arrav °* celluiar 
processes governed by tyrosine kinases. 
Local delivery ot these agents into the 
vascular lesion mav be necessary to avoid 
svstemic toxtcit\ 

Regulation of the intimal cell popula- 
tion require.* a delicate balance between 
cell influx, cell growth, and cell death. 
Indeed, recent studies suggest that a de- 
crease in apoptosts mav be a prominenr 
teature of vascular lesion formation (14). 
Mam of the molecules previously identi- 
Iur J a* irrowth Motors also aprear to func- 
tion a> factors thai prevent vascular cell 
death. For example, the angiogenic ayem 
hFGF promote- endothelial cell survival 
in addition to inJucinc endothelial cell 
muouenesis. Similarly. PDCF and Ang II 
promote v.i^ular smooth muscle ceil sur- 
vival a> well as stimulate cell growth (15). 
The cellular signaling pathways that me- 
diate tht- ann-npoptotic response remain 
to he mnhcr characterized. Recent studies 
xv ith neuronal. hematopoietic, and endo- 
thelial cell, indicate that mitocen-activat- 
vj protein kinase uMAHO and phospho- 
inoMtot >-kina*c mav mediate anti-apop- 
totic sismaU. whereas the JNK kinases mav 
re pto-apoptotic W6). Changes in redox 
Mate mav al*o modulate the activation ot 
^•11 death program* U 7). Internns. in par- 
ticular u^0V also appear to be important 
determinant* of vascular cell survival 
tk"M AH ot these signaling pathways ap- 
pear to converge on a cell death machin- 
es tjoverneJ b\ the relative expression ot 
the B.iN-Bci-2 iamii\ and the iCE wnter- 
icukin converting' en:vme)-Wke cysteine 
protea.-es Therapeutic strategies that ei- 
Tru-T up-reuuiate the expression ot pro- 
ir-Ttouj t.utor- or down-reculate the e\- 
ru*Mon ot ann-apoptotic factor* ma\ rep- 
•.■htii an excitin*: opportune tor inhibt* 
••>n ot va>^uiar lesion formation. 



Modulation f 
Vascular Cell Phenotype 

Several lines of evidence indicate that the 
vascular smooth muscle cells within the 
neointima constitute a distinct cell popula- 
tion with altered phenotypic characteris- 
tics, intimal smooth muscle cells exhibit 
altered expression of transcription factors 
linked to myogenic differentiation, growth 
factors, apoptosis regulatory genes, inte- 
grins. mamx proteins, and matrix proteases 
( ] ). The net result of these changes in cell 
properties is a population of smooth muscle 
cells that have an increased propensity to 
proliferate, migrate, and elaborate a more 
abundant extracellular matrix. The" molec- 
ular basis of this alteration in intimal 
smooth muscle cell phenotype remains to 
be clarified, but mav reflect the activation 
of a genetic program that recapitulates the 
cell properties observed during fetal devel- 
opment (J). For example, the homeobox 
gene Goi, which is expressed m differenti- 
ated medial smooth muscle cells, becomes 
down-reflated in the context of vascular 
injury. Transfer of the Gai gene into vas- 
cular smooth muscle cells after balloon in- 
jury has been shown to inhibit cell prolil- 
erarion and neointima formation in vivo 
( 18). Conversely. MEF-2. a set of candidate 
transcription factors that regulate muscle- 
specmc penes, is selectively up-regulated 
after vascular injury and thus may play a 
role in the phenotypic modulation ot inti- 
mal cells U°) Agents that reeulare the 
activity ot these transcription tactors merit 
consideration as vascular therapeutics. 

Restenosis as a Paradigm for 
Molecular Therapy 

One oi the principal treatments for occlu- 
sive vascular disease is angioplasty, a proce- 
dure in which a ballon » inserted into the 
vessel and then inflated to dilate the area ot 
narrowing In 30 to 50°«» ot cases, the initial 
increase m iumen dimensions is followed hv 
a re-narTOwint t restenosis* ot the vessel 
over a time course ot ^ to 6 months. This 
proce» of restenosis is complex and results 
trom cellular hyperplasia within the neoin- 
nnu. the ori:ani:ation of thrombus within 
the ves>el wall, and a process of vascular 
remixieiini: or shrinkage in the overall ves- 
sel dimensions. There is no clinically effec- 
tive therapy ror this disease. 

Several molecular tnerapies have aire, 
been designed and tested in animal mode. 
Angioplasty denude- :r.e vessel of endothe- 
lial cells that woulo n. rmalU generate para- 
crine inhibitors ot v.i^ular smooth muscle 
migration and proliferation. Thus, one ap- 
pro.icn has been directed at replacing a kev 
rnviuct ot endothelial cells. NO synthase. 
Tnv endothelial ce. -type NO synthase 



gene was transrected locally into the vesse 
wall after balloon injury- tn a rat model c 
neointima formation. The resultant Iocs 
generation of NO substantially inhibits 
the cell proliferation, migration, and mam: 
production required for neointima forma 
tion (20). Indeed, preliminary results c 
clinical studies involving systemic admtnu 
tration of NO-donor drugs confirm the util 
iry of augmenting NO activity as a means c 
preventing restenosis (2/). 

The abnormal cell proliferation tha 
characterizes restenosis is driven by a mui 
tipliciry of growth factors. One therapeuti 
approach that overcomes this problem i 
cytotoxic therapy. Local transfection of th 
herpes simplex virus thymidine kinas 
(HSV-TK) gene, together with systemic ac 
ministration of the prodrug ganciclovir, ws 
successful in inhibiting neointima forms 
non in a porcine model (22). Still anothc 
strategy that avoids the tissue damage ir 
duced by cytotoxic therapy is cytostatt 
therapy, which is aimed at the inhibition c 
cell cycle progression. Local delivery of ar 
tisense oligonucleotides directed against r* 
expression of cell cycle regulatory gent 
such as proliferating cell nuclear antige 
(PCNA). Cdc2. c-Myb. and c-Myc inhibi 
ed neointima formation in several models * 
vascular lesion formation (23). The coord 
nated induction of these cell cycle rcgul 
tor> genes is mediated by the transenpne 
factor E2F. Oligonucleotides containing ti 
E2F cis element sequence can function 
"decoys'" that bind selectively to E2F with 
the cell. Intracellular delivery of the E! 
transcription decovs results in the preve 
tion of E2F-mediated up-regulation of o 
cycle regulatory' genes. Transfection of E 
transcription factor decoy oligonucleotic 
into the vessel wall inhibits neointimal i 
sion formation tn vivo (24). Similar respor 
es have been observed with a gene aupme 
tat i on approach in which cell cycle inhii 
tors such as p21. dominant -negative F 
mutants, or mutant retinoblastoma (R 
gene are overexpressed locally in vascu 
cells to inhibit cell proliferation after vast 
lar injury in various animal models of n« 
intima formation (25). Consistent with t: 
concept of cytostatic therapy, systemic j 
ministration of conventional pharmacolo 
agents such as rapamycin that inhibit c 
cycle kinases also inhibits vascular lesi 
formation in rat and porcine models (2 
Interestingly, the induction of cell cycle 
rest has additional therapeutic conseque: 
es For example, inhibition of cell evele r 
ulaiory genes also appears to inhibit i 
migration and matrix production (27) t 
can also trigger the activation of vascv 
cell anoptosis (28). Trie successful use 
local radiatian therapy to inhibit neointi 
formation after vascular injurv may reflex 
similar combination of cell cycle arrest ; 



vascular cell apopcosts (29]^A 

Based on our current sta^^ dw ledge. 

the most effective therapy for c. -jsive vas- 
cular disease will likely combine intravas- 
cular stent ing (a cylindrical metal strut trwt 
expands the lumen) with an antiprolifera- 
tive therapy. Adjunctive therapeutic strat- 
egies designed to target adhesion molecules 
that function in platelet-thrombus forma- 
tion and cell -matrix interactions also show 
promise ( / / ). 

Vein Bypass Graft Failure 

Bypass surgery with vein grafts is the stan- 
dard surgical approach to treat occlusive 
vascular diseases. Vein graft* are conduits 
that restore normal tissue blood flow by 
circumventing the occlusive arterial lesion. 
However, about 50% of the grafts occlude 
within 5 to 10 years because of neointimal 
hyperplasia and accelerated atherosclerosis 
within the graft. In principle, a genetic 
engineering strategy might allow the cre- 
ation of venous grafts adapted to the arterial 
circulation yet resistant to neointima lesion 
formation. Experiments with a rabbit model 
showed that transfection of anttsense oligo- 
nucleotides directed against the expression 
of the cell cycle regulatory genes PCNA 
and Cdc2 inhibited DNA synthesis and 
neointima formation within the vein graft. 
This strategy prevented lesion formation, 
yet allowed the adaptive thickening of the 
vein wall necessary- to withstand the me- 
chanical stress of the arterial circulation. 
The genetically engineered grafts were resis- 
tanr to athertiscierosis when implanted in 
rabbits with severe hyperlipidemia as com- 
pared with the accelerated atherosclerosis 
observed in control grafts (30). 

This example illustrates the feasibility of 
applying genetic engineering technology to 
vascular bypass pratT5. Vascular grafts can be 
used as earner systems for the implantation 
of cells that are peneticallv engineered ex 
vivo to secrete paracrine factors with de- 
sired activity (lor example, ant i -thrombot- 
ic acents). Alternatively, the vein graft cells 
can be transtectcJ in situ with expression 



vectors carrying genes encodiru^^k 4i La- 
torv ami- inflammatory moleculeJBar > 
genie factors (31). One advantage o. uus 
approach is that it allows manipulation of 
the grafts ex vivo, optimization of transfec- 
tion efficiency, and minimization of toxic- 
ity. Such "designer vessels" may one day 
have important clinical applications. 

Future Directions and Challenges 
in Vascular Therapeutics 

Based on our present understanding of the 
molecular basis of vascular disease, there are 
a wealth of potential therapeutic opportu- 
nities (Table 1 )- However, most molecular 
therapies described here have focused on 
short-term interventions in acute processes, 
whereas the pathogenesis of atherosclerosis 
is characteristically a slow process. Thus, 
the ideal strategy is to interrupt the early 
steps of atherosclerotic lesion formation by 
developing long-term therapies directed at 
the molecules that arc important initiators 
in the pathogenesis of vascular disease. 

The development of new cardiovascular 
therapies will be facilitated by the rapid 
progress being made in rational drug design, 
the use of high-throughput combinatorial 
libraries as an efficient means of screening 
candidate drugs, and the development of 
animal modeb of vascular disease that re- 
veal critical pathogenic molecules for drug 
targeting. The advent of transgenic mouse, 
rat. and rabbit models of vascular disease 
will facilitate this process. 

The advancement of molecular thera- 
peutics for vascular disease faces several 
major challenges that will determine its 
success. For example, as new drugs are 
discovered, target specificity and selectiv- 
ity wilt be a recurrent issue. Local delivery 
of drugs within the vasculature to circum- 
vent problems of -systemic toxicity will 
require further study, and implantation of 
intravascular drug delivery devices to en- 
hance the bioavailability ot new classes ot 
drugs such as nuclnc acids and recombi- 
nant proteins (32) remains to be demon- 
strated. Moreover, further advances in 



Table 1. Molecular trteraoies tor vascular Diseases pamoogic oases and ooteniiaf tneraDeutc targets 



Patnoogic event 



Theraoeutc target 



EnaotneUai oystuncnon 
Enoothetiai injury 
Ceti acirvaton ana 

pnenoiyptc mooutaicn 
Dysregutateo celt crowtn 
Dysreguiateo aooDio&s 
Tnromoosis 
Piaoue ruoiure 
ADnormai ce« migration 

Matrix mooiticatior. 



NO mducer or oonor; antioxidants 
VEGF; FGF 

MEF-2 and Gax modulators: NF-«6 antagonists; ceti cycle 



E2F decoys: RB mutants: ceti cycle tnhibnors 

Bax or CPP32 moucers; Bel -2 mmbnors: mieonn antagonists 

llo/Mla otockers: tissue tactcx inmortors: aMi-tnromDrn agents 

Metano proteinase tnrwortors: leukocyte aonesion tuockers 

integnn antagonists: PDGF blockers; ota* ntnogen activator 

mntDftors 

MetaiiODroteinase mhionors. piasmtn antagonists, matrix protein 
cross- bnKma modifiers 



drug delivery technology are necessar 
overcome the inherent limitations of 
approach in the treatment of chronic 
cesses such as atherosclerosis. Anc 
challenge is the selection of animal r 
els for drug evaluation. The quest 10 
whether efficacy documented m ex- 
mental animal models can predict chr 
effectiveness in humans continues to 
vexing problem. 

Finally, one of the most difficult issv 
the establishment of criteria for evalua 
the clinical efficacy of molecular then 
chat influence slowly progressive pa the 
logical processes such as atherosclerosis 
example, it is conceivable that therapc 
agents that modify biological procc 
within the vasculature may have benef 
clinical ef fec ts without inducing signify 
changes in vessel structure as assesses 
conventional clinical techniques. It is 
clear whether measurements of vase 
morphology (by angiography and intra 
cular ultrasound) are appropriate end pc 
for defining the clinical efficacy of mc 
ular therapies. Can we define the chr 
utility of a new drug based on its effect c 
target molecule activity such as cell a*' 
ston or redox state? Will these surro 
markers of clinical efficacy be an accept 
alternative to assessing changes in v< 
structure or the incidence of clinical ev 
such as myocardial infarction? Are ex 
sive clinical trials designed to demonst 
reductions in clinical events (for exan 
myocardial infarction or mortality) a 
requisite for the approved use of new 
cular therapeutic agents? These are on 
few of the challenges that must be 
mounted for the successful dcvelopmej 
molecular therapies for vascular disease 
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AAAS-Newcomb Cleveland Prize 

To Be Awarded for a Report, Research Article, or 
an Article Published in Science 



The AAAS-Newcomb Cleveland Prize is awarded 
to the author of an outstanding paper published in 
Science. .The value of the prize is $5000; the winner 
also receives a bronze medal. The current competition 
period began with the 2 June 1 995 issue and ends with 
the issue of 31 May 1996. 

Reports, Research Articles, and Articles that in- 
clude original research data, theories, or syntheses and 
are fundamental contributions to basic knowledge or 
technical achievements of far-reaching consequence 
are eligible for consideration for the prize. The paper 
must be a first-time publication of the author's own 
work. Reference to pertinent eariier work by the author 
may be included to give perspective. 

Throughout the competition period, readers are 



invited to nominate papers appearing in the Reports, 
Research Articles, or Articles sections. Nominations 
must be typed, and the following information pro- 
vided: the title of the paper, issue in which it was 
published, author's name, and a brief statement f 
justification for nomination. Nominations should be 
submitted to the AAAS-Newcomb Cleveland Prize, 
AAAS, Room 1044, 1200 New York Avenue, NW, 
Washington, DC 20005, and must be received on r 
before 30 June 1996. Final selection will rest with a 
panel of distinguished scientists appointed by the 
editor-in-chief of Science. 

The award will be presented at the 1997 AAAS 
annual meeting. In cases of multiple authorship, the 
prize will be divided equally between or among the 
authors. * 



